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Abstract

Background: Nowadays, pathology services are more developed for quantitative diagnostic evaluation. The
quantitative diagnostic evaluation requires detailed accuracy and can be done using digital image analysis
(DIA). Assessment of the CD103 in acral melanoma needs to be done quantitatively. A visual microscopy
evaluation of CD103 has difficulties in counting CD103 positive lymphocytes. These difficulties are due to
the expression of CD103, which is very little, whereas the field of view of the tumor mass is considered
quite exhaustive when viewed under a microscope. The evaluation of CD103 could be done digitally with
the DIA technique to overcome these difficulties. The DIA technique is carried out automatically by
counting the lymphocytes that express CD103 with bioimage analysis software. QuPath is one of the
bioimage analysis software, has characteristics of cross-platform, intended for bioimage analysis and digital
pathology. This study aims to compare the CD103 count by visual microscopy evaluation and DIA in acral
melanoma.

Methods: This study was a cross-sectional study. CD103 immunostained slides of 40 cases of acral
melanoma were eyeballing assessed by two pathologists and automated digital images analyzed by one
pathologist using QuPath.

Results: Wilcoxon signed ranks test showed no significant difference between the visual microscopy
evaluation and DIA of CD103 count (p = 0,580).

Conclusions: Digital image analysis using QuPath can be used to count the CD103 automatically.

Keywords: CD103, digital image analysis, melanoma, QuPath.

Introduction

The development of pathology is high-speed.
Previously  pathology  services  prioritized
qualitative  diagnostic ~ based on holistic
pathological judgment and relatively limited
clinical information. At present, pathology
services are more developed for diagnostics that
are semi-quantitative and quantitative evaluations
of pathological conditions and biomarker
expression.’ In this case, anatomical pathology
becomes more quantitative or analytical.
Therefore, the diagnostic process needs more
accuracy.” ® There are many imaging analysis
softwares developed for better diagnostic accuracy
to carry out various types of quantitative
pathology diagnostic tasks and research.’*

One of the quantitative evaluation of the
expression of the biological markers is to assess

tumor-infiltrating lymphocytes. Tumor-infiltrating
lymphocytes of solid malignant tumors are an
important prognostic factor.” This can be applied
in solid tumors such as breast cancer®, colorectal
cancer’, and melanoma.! Melanoma is a
malignancy originating from the skin's melanocyte
system. This tumor is the most aggressive of all
skin malignancies.® Acral melanoma is one of the
rare and the most aggressive subtypes of
melanoma. Many prognostic factors for acral
melanoma are known, and numerous prognostic
models have been developed in an attempt to
predict which patients ultimately will develop
advanced disease.'® One of the prognostic factors
is the immunoexpression of CD103 in the tumor-
infiltrating lymphocytes.**

CD103 is an immunological factor in the tumor
microenvironment that plays a role in controlling
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melanoma progression.'! Evaluation of CD103
immunoexpression is carried out quantitatively by
counting the lymphocytes that express CD103 in
tumor-infiltrating lymphocytes.** ** There are two
evaluation  techniques, visual  microscopy
evaluation and digital image analysis. Because of
the critical role of CD103 as a useful prognostic
factor, the reproducibility of the evaluation of
CD103 is fundamental.™> ** Kim et al.™®, in their
research, showed that the reproducibility of
CD103 using visual microscopy evaluation was
not optimal because of the high interobserver
variability. Thus, it is necessary to evaluate the
CD103 with digital image analysis with bioimage
analysis softwares.

Some softwares for analysis of digital imaging
Ki67 are commercially available. However, they
require considerable costs to obtain the software.
Generally, they can only be used on computers
with certain specifications.> * In addition to
commercial software, researchers have developed
software that can be used freely (freeware) for
digital imaging analysis, one of which is
QuPath.* QuPath is a cross-platform, open-source
software developed at the University of Edinburgh,
aimed at biological imaging analysis and
quantitative digital pathology.** QuPath supports
all types of computer operating systems. This
software was developed as an application that can
be used on Windows-based computers, Mac OS X,
and Linux to support many applications and
various imaging files for pathology and bioscience
analysis. The QuPath open-source software
platform' was used to analyze the CD103
immunoexpression in this study. The QuPath
software can be downloaded at
https://qupath.github.io/.**

This study aims to determine the differences
between visual microscopy evaluation and digital
image analysis of CD103 counting using QuPath
software in acral melanoma.

Material and Method

The Ethics Committee of the Hasan Sadikin
General Hospital, Bandung, approved this study's
ethical clearance (LB.02.01/X.6.5/123/2020).

The samples are CD103 stained preparations from
patients diagnosed histopathologically with acral
melanoma in Hasan Sadikin General Hospital,
Bandung, Indonesia. A total of 40 CD103
immunostained slide samples were consecutively
selected from January 2014 until April 2020.

CD103 staining

The acral melanoma tissue in paraffin blocks was
consecutively selected from the Anatomical
Pathology department Hasan Sadikin Hospital,
Bandung, Indonesia. The tissue was cut with a
thickness of 4um using a microtome, then
depleted with xylol, rehydrated with decreased
ethanol concentration, then immersed in PBS in
15 minutes (3x5 minutes). The tissue pieces were
then incubated in Dako Antigen Retrieval Buffer
(Dako, Santa Clara, California, USA) in
microwave 94°C for 20 minutes and followed by
cooling at room temperature for 20 minutes and
washed with PBS for 15 minutes (3x5 minutes),
then incubated in Block Peroxidase for 10 minutes,
PBS for 10 minutes and followed by incubation in
CD103 rabbit monoclonal antibody (clone EP206,
Cell Marque, Burlington, USA, at 1:50 dilution) at
4 ° C. After incubation with CD103, the
preparations were then re-incubated with
secondary antibodies Labeled Polymer HRP
(Dako, Santa Clara, California, USA) for 60
minutes at room temperature. Lastly, the
counterstain phase was stained with Hematoxylin
Meyer, then dehydrated with increased ethanol
concentration, purification in xylol then the slide
was covered with a cover glass.

Imaging process

The imaging process used the whole slide scan
technique with dotSlide Ver.2.0 software
(Olympus, Tokyo, Japan). Imaging was carried
out using a slide scanner with microscope
Olympus BX51 model equipped with an Olympus
XC10-IR color camera connected directly to a
computer with a 32-bit Microsoft Windows XP SP
2 operating system. The processor used is Intel
Pentium 4 and 1,016 GB of random access
memory (RAM). A total of 40 CD103 virtual
slides were obtained and stored on the computer.
The CD103 virtual slides were then analyzed
using QuPath software on a computer with macOS
operating systems. The processor used is 2.9 GHz
Intel Core i5 and 8Gb of RAM.

Visual microscopy evaluation

CD103 immunoexpression  was  assessed
qualitatively. Evaluation of CD103
immunoexpression was carried out by counting
the number of CD103 positive tumor-infiltrating
lymphocytes under a light microscope. The
CD103 positive lymphocytes have brown color on
the cell membrane. Counts were carried out in 5
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large visual fields (400x) that were randomly
selected in areas with large numbers of tumor-
infiltrating lymphocytes.

Figure 1. Visual microscopy evaluation to count
CD103 positive lymphocytes in the tumor-
infiltrating lymphocytes. Inset: 2 CD103 positive
lymphocytes are identified.

Digital image analysis

The dotSlide Ver. 2.0 platform (Olympus, Tokyo,
Japan) was used at x20 and x40 to digitize the
slides with a pixel size of 0.2500 pm % 0.2500 pm.
The QuPath open-source software platform was
used to build an automated TIL scoring algorithm.
We used watershed cell detection™ to segment the
cells in the image with the following settings:
Detection image: hematoxylin OD; requested
pixel size: 0.5 pum; background radius: 8 pm;
median filter radius: 0 um; sigma: 1.5 pm;
minimum cell area: 10 pm2; maximum cell area:
400 um2; threshold: 0.1; maximum background
intensity: 2. The quality control of the cell
segmentation was performed by a pathologist. In
order to classify detected cells into tumor cells,
immune cells (TILs), stromal cells, and others
(false detections, background), we used neural
network™ as a machine-learning method with
eight hidden layers (maximum iterations: 100).
The last step was done by selecting the analyze,
cell analysis, and positive cell detection buttons.
Then the cell detection parameters dialog box
appeared. The parameters used for calculating the
CD103 immunoexpression in a study by
Bankhead et al.** After the positive cell detection
parameters were entered, the run button was
clicked. QuPath will count automatically and
display the number of CD103 positive
lymphocytes.

Figure 2. Digital image analysis with QuPath to
count CD103 positive lymphocytes in the tumor-
infiltrating lymphocytes. Inset: Total 7 CD103
positive lymphocytes are identified in this field of
view.

Statistical analysis

Statistical analysis was performed using SPSS
Version 23 for macOS (IBM, New York, NY,
USA). Analysis of CD103 count by visual
microscopy evaluation and digital image analysis
were subjected to normality test. It was then
subjected to a nonparametric test with Wilcoxon
signed ranks test; p-values < 0.05 was assumed to
be statistically significant. The Ho hypothesis is
that there is no significant difference in the results
of the CD103 counting obtained by visual
microscopy evaluation compared to digital image
analysis.

Result

Visual microscopy evaluation and digital image
analysis of CD103

The visual microscopy evaluation and digital
image analysis of CD103 positive lymphocytes
counting are shown in Table 1. The Shapiro-Wilk
normality test (0.890, p=0.001) was found
significant, so data were considered nonparametric.
The median of CD103 positive lymphocytes from
visual microscopy evaluation was 20, and the
median of CD103 positive lymphocytes from
digital image analysis was 20. The range of both
methods was 0-37.
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Table 1. The counting results CD103 positive
lymphocytes with visual microscopy evaluation
and digital image analysis

Table 2. The result of the Wilcoxon test

Sa Number of Number of
mp CD103 CD103
le calculated by calculated by
No. VME DIA
1 0 2
2 5 5
3 6 7
4 5 5
5 7 7
6 2 4
7 3 4
8 5 5
9 20 20
10 0 2
11 32 30
12 31 30
13 22 22
14 6 6
15 22 20
16 23 22
17 24 24
18 20 20
19 5 6
20 25 24
21 5 5
22 7 7
23 7 7
24 0 0
25 22 22
26 28 29
27 27 27
28 22 22
29 37 37
30 26 26
31 24 24
32 35 35
33 20 20
34 5 6
35 25 25
36 24 24
37 22 22
38 24 23
39 8 8
40 5 5

VME, visual microscopy evaluation; DIA, digital
image analysis.

Median P
(Minimum-
Maximum)
Number of 20 (0-37) 0.580
CD103 by
VME
Number of 20 (0-37)
CD103 by
DIA

Wilcoxon test, 6 subjects negative ranks, 26 ties, and 8
subjects positive ranks. VME, visual microscopy
evaluation; DIA, digital image analysis.

The statistical analysis Wilcoxon test on visual
microscopy evaluation and digital image analysis
of CD103 count is shown in Table 2. The table
shows that the medians of VME group and DIA
group were 20. A Wilcoxon Signed-rank test
shows no significant difference between Group (Z
= -0.553, p > 0.05). In other words, there is no
significant difference between the results of the
CD103 count by digital image analysis to visual
microscopy evaluation (p = 0.580).

Discussion

Digital image analysis in pathology is one of the
methodologies in computer-assisted pathology.*’
The approach of assessing digital images of
histological slides is gaining momentum in today's
laboratory environment. Indeed, most digital
image acquisition systems are becoming routine,
and associated image analysis solutions are
regarded by most as the next significant level in
automated histological analysis.?

Although pathologist's assessment is the gold
standard in diagnosis, there are many warnings
with this method. For individuals, fatigue may
potentially be a problem in a profession always in
demand. These problems are no more a problem
with machines, which may be used to increase the
output of histological assessment.* " 1t is fully
recognized, however, that automated image
analysis may never progress into a diagnostic
circumstance because of the natural differences
between individual slides and the importance of
an accurate diagnosis. Another major problem
relates to IHC staining and its evaluation.'’” IHC
staining can vary between slides and between
antibodies” !’, whereas specimen fixation and
processing conditions may cause incompatibility
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between samples**. This problem suggests an
essential condition to standardize staining
procedures and sample preparation protocols
before using automated image analysis techniques.
This problem is specifically vital in clinical
situations where IHC testing assists in therapeutic
decision-making, such as in breast cancer. There
is also often variability between evaluators as
another problem of the pathologist's assessment.
For example, each pathologist must take up their
semi-quantitative scoring system (commonly
numerically describing staining as 0, 1+, 2+, or
3+), based on the darkest/lightest staining in the
set of slides they are viewing. This method of the
semi-quantitative  scoring system leads to
inconsistencies between pathologists because this
approach is simply subjective.'”*®

Automated image analysis procedures are
beginning to be commonly used for biomarker
evaluation in a research context due to the
difficulty in the manual scoring of IHC, as
discussed previously. This difficulty circulates the
IHCtechnique'ss reproducibility as a whole and
the human eye's capability to distinguish between
1+ and 2+ scores. Computational evaluations offer
the potential to solve this issue for the
quantification of the IHC staining.?**’

CD103, also known as integrin aEf7 (ITGAE), is
a transmembrane heterodimer complex that is
involved in cell to cell or cell to matrix
interaction.” CD103 mediates cell adhesion,
migration, and lymphocyte homing of the cell
through interaction with E-cadherin, which is
expressed in epithelial cells.*® Therefore, CD103
is considered a hallmark of a specific subset of
immune cells that resides within mucosal organs”
epithelium, including the genital tract, stomach,
lung, and skin. The immune cells that express
CD103 include effector memory CD8+ T cells.
Several studies suggest that CD103 positive TIL
in human malignancy is associated with
prognosis'’ ** and CD103 is a marker of T
lymphocyte resident memory that can be detected
in acral melanoma tumor-infiltrating lymphocytes.
Thus,  standardization  of the  CD103
immunoexpression  evaluation is  considered
necessary because of its impact on prognosis.*?
The results in this study show that QuPath can be
used to calculate the CD103 positive lymphocytes
automatically very reliable. Automatic counting
by digital image analysis has advantages in
determining the time needed to count the CD103+
lymphocytes. Lymphocytes can be hard to identify

because the field of view is commonly vast, and
the melanin pigment in melanoma slides can
obscure the lymphocytes. The time needed to
calculate the CD103 positive lymphocytes by
visual microscopy evaluation is 15-30 minutes for
one slide, depending on tumor size. The time
needed by QuPath to calculate CD103 in one
whole slide is only 30 seconds. Thus, large
amounts of imaging data can be quickly and easily
analyzed.”® 2! Another advantage of automated
digital image analysis is minimizing interobserver
variability between observers when done visually
under a microscope. So that QuPath can be used
as an alternative software for biological imaging
analysis, especially in the field of histopathology
because its use is relativelzy more manageable with
a simple user interface.!”

Conclusion

Digital imaging analysis techniques play an
essential role in the quantitative evaluation of the
CD103 in acral melanoma.
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